An analysis procedure has been developed for derivation of information about the photochemical behavior of ozone near 1 mbar by explicitly accounting for the dynamical transport terms in the continuity equation for perturbations from the zonal mean. The procedure is shown to be valid using data from a numerical transport model and is then applied to LIMS ozone and temperature data, using geostrophic winds to estimate the transport terms. The data study is restricted to March at 2, 1 and 0.7 mbar. Because the temperature deviations are dynamically produced, large temperature deviations are associated with significant ozone transport terms. The anticorrelation between the deviations of ozone and temperature disappears when the transport terms are small. The derived photochemical information is compared to photochemical theory. Although there is overall agreement in the magnitude as well as the latitude, altitude, and time dependencies, discrepancies are suggested which may be related to the long-standing failure of photochemical models to calculate ozone accurately near 1 mbar. The theory suggests that the addition of Cl,• to the stratosphere will affect the relationship of ozone and temperature a.t 2 and 1 mbar. Comparison of the photochemical information derived from future ozone and temperature measurements with the results of the present analysis should provide a critical test of the photochemical scheme thought to describe the behavior of odd chlorine in the stratosphere.
where 7 is the ozone mixing ratio; t is the time; u, v, and w are the zonal, meridional, and vertical winds in the x, y, and z directions, respectively; T is the temperature, an overbar indicates the zonal mean, and a prime indicates deviations from the zonal mean. Terms t707'/Oy, ½07'/0z, and w'O7'/Oz were found to be small and are neglected. The parameters F and 0 may be derived as given by $tolarski and Douglass [1985] and i Now at NASA Goddard Space Flight Center, Greenbelt, Maryland.
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Paper number 6D0439. 0148-0227/86/006D-0439 $05.00 represent the relaxation for odd oxygen perturbations and the response to temperature perturbations, respectively. In DRS it was shown that at 2 mbar, 40øN-60øN, during the winter, the dynamic terms in (1) are of the same order of magnitude as the photochemical terms throughout the winter and that the appearance of a -1 correlation coefficient between ozone and temperature deviations occurs not when the photochemical terms dominate the dynamic terms, but when the sum of the dynamic terms is small due to cancellation. It was also shown that the tests of photochemical theory that can be derived from the data during winter at 2 mbar are at best weak. Although the overall consistency of the dynamical and photochemical terms is determined, there are substantial errors associated with the calculation of the dynamical terms, and it is not possible to derive quantitative information about the photochemical relationship between ozone and temperature from the winter data.
The primary objective of this work is to extract information about the actual photochemical behavior of stratospheric ozone from data by examining the interaction between the dynamic and photochemical terms in (1). ^ procedure was developed to derive the ratio of the photochemical parameters, 0/F, by specifically accounting for the dynamic contributions. The procedure is initially applied to model data to illustrate its validity and then to LIMS ozone and temperature data, using geostrophic winds derived from geopotential height fields. Errors in calculation of the dynamic terms in (1) limit the applicability of the method to situations in which the photochemical terms are the largest, the geostrophic winds are good approximations to the actual winds, and the planetary wave activity is sufficient to produce amplitudes of 7' and T' which are substantially above the noise level. This study will consider March 1979, because during this time these con- The second objective is to test the photochemical schemes from which the theoretical parameters are derived by deter- The value i --O x, CI,,, NO,,, and H20 for HO,,.
mining the consistency of the derived ratios with theoretical values. The values of the ratio 0/F derived from data, both neglecting and including transport terms, are compared to each other and to the values derived from photochemical theory. The notation that distinguishes these variously derived ratios is presented in the text and summarized in the notation list at the end of this work. Latitude, altitude, and time dependences of the ratios will be estimated and compared. The discrepancies between theory and measurement will be interpreted by considering the theoretical altitude, latitude, and mean ozone and temperature field dependences of the separate odd oxygen loss processes. For this work the data from March 1979 at three levels (2, 1, and 0.7 mbar) and the middle latitudes 40øN-60øN are considered. These levels are chosen because the photochemical terms are not dominated by the dynamic terms in (1), because the amplitudes of ozone and temperature deviations frorn the zonal mean are not small, and because the ozone concentration is a good approximation to the total odd oxygen. At levels below 2 mbar the photochemical effects for ozone are too small relative to dynamic effects to be able to gain information about the photochemical parameters by evaluating the dynamic terms and the day-to-day changes in the ozone perturbation. Above 0.7 mbar interpretation of the results is complicated by the increasing importance of O atoms to total odd oxygen. At 0.7 mbar, total odd oxygen is calculated from the measured ozone, assuming photochemical equilibrium between production of O by photodissociation of 03 and recombination of O with 02 to form ozone. The maximum contribution of O to total odd oxygen in this study is 9%. The values of F, and 0, calculated using the upper limits of the temperature dependence for these reactions differ by as much as 35% from the baseline values, but the ratios differ by only 12%. These differences are nearly independent of pressure.
In contrast, the ratio 0,/F, is sensitive to the species distributions for odd oxygen and chlorine adopted for the calculation. This sensitivity is observed because although both F, and 0, are affected in the same sense by a change in species distribution, the relative contributions of each species to the sum differ. Sensitivities to changes in all trace species are compared in Table 1 . At all three pressures, odd oxygen loss due to recombination of O and 03 makes a larger contribution to 0, than to F,, therefore increasing odd oxygen produces a larger theoretical value of O,/F,. At all pressures, odd oxygen loss due to reaction with chlorine species makes a smaller contribution to 0• than to F,, and increases in chlorine species lead to a decrease in the theoretical ratio. Since reactions with odd nitrogen species and odd hydrogen species contribute nearly equally to 0, and F,, the theoretical ratio is relatively insensitive to the assumed odd nitrogen and H20 distributions.
The ozone and temperature distributions from which the parameters are calculated are zonal mean values of LIMS measurements. Because the parameters are sensitive to the fraction of the total loss that is due to each of the loss processes, the distributions for the other trace gases, which are derived from one-dimensional model calculations, are constrained to reflect the relative magnitudes and the altitude and latitude dependences of the much more detailed data-based calculations reported by Jackman et al. [1986] . The ratio O•/F• calculated from these species distributions should have the proper relative contribution to the temperature response and to the odd oxygen lifetime from each of the loss processes.
Between 2 and 0.7 mbar, both of the parameters F, and 0, decrease with latitude because the dissociation rates decrease.
Both parameters increase with altitude as a result of an increase in dissociation rates; however, the percent increase in 0, is smaller than the corresponding increase in F,, reflecting a change in the mix of species controlling odd oxygen loss to- 
